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6 [TITLE OF THE INVENTION] 
Plasma Display Apparatus 

[ABSTRACT] 
Object 

10 To provide a plasma display apparatus having excellent 

gray-scale properties from low to high luminance and fine 
contrast adjustment steps. 
Solution 

In a plasma display that employs a timesharing drive 
15 method/ a contract adjustment is made based on the numbers 
of sustain pulses / in suoh a manner that the numbers of sustain 
pulses of sub- fields which correspond to the same bit of a 
digital image signal in a plurality of fields are set to be 
different. For example, when the number of sustain pulses 
20 of a first sub-field in a contrast adjustment level 2 is 1.5, 
the number of sustain pulses of the first sub-field in a first 
field and the number of sustain pulses of the first sub-field 
in a second field are set respectively to 1 and 2, and a 
gray-scale display of the first field and a gray- scale display 
25 of the second field are performed in turn, 
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[Range of the Patent claims] 
Claim 1 

A plasma display apparatus in which one field is divided 
5 into a plurality of sub-fields each of which is given a 
luminance weight controlled by a number of sustain pulses, 
and a gray-scale display is produced by arbitrarily selecting 
sub-fields according to a digital image signal which is 
composed of a plurality of bits corresponding to an image 
10 signal level, characterized by 

setting different numbers of sustain pulses for 
sub-fields which correspond to a same bit of the digital image 
signal in a plurality of fields. 

15 claim 2 

The plasma display apparatus of Claim 1/ 
wherein the plurality of fields in which the different 
numbers of sustain pulses are set for the sub-fields that 
correspond to the same bit or the digital image signal are 
20 cyclically selected when driving. 

Claim 3 

The plasma display apparatus of Claim 1, comprising 
storage means for storing a number of sustain pulses 
26 corresponding to each of the plurality of bits, according 
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to a contrast adjustment level of a display. 
claim 4 

The plasma display apparatus of Claim 1/ comprising 
5 calculation means for calculating a number of sustain 

pulses corresponding to each of the plurality of bits, 
according to a contrast adjustment level of a display. 

Claim 5 

10 The plasma display apparatus of any of Claims 1 to 4, 

comprising 

power consumption detection means for detecting a power 
oonsumption of a sustain pulse output circuit/ 

wherein a contrast adjustment is made based on 
15 information obtained from the power consumption detection 
means . 

Claim 6 

The plasma display apparatus of any o£ claims 1 to 4, 
20 wherein an average image signal level is detected, and 

a contrast adjustment is mafle in units of p fields if 
the average image signal level is higher than a predetermined 
value, and in units of q fields if the average image signal 
level is lower than the predetermined value , p being an integer 
26 no less than 2, and q being an integer larger than p. 
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[DETAILED DESCRIPTION OP THE INVENTION] 
[0001] 

Field of the Invention 
5 The present invention relates to a plasma display 

apparatus. The present invention especially relates to a 
plasma display apparatus that produces a gray-scale display 
by dividing one field into a plurality of sub-fields each 
of which is given a luminance weight and selecting arbitrary 
10 sub- fields according to an image signal. 

[0002) 

Description of the Prior Art 

ffia. 6 is a block diagram schematically showing a 
conventional AC plasma display apparatus 20. The plasma 

15 display apparatus 30 includes a display panel 21, an address 
pulse output circuit 22, a scan and sustain pulse output 
circuit 23 , and a sustain pulse output circuit 25 respectively 
for driving address electrodes 26, scan electrodes 27, and 
sustain electrodes 28 in the display panel 21, and a signal 

20 processing circuit 24 for controlling the output circuits 
22, 23, and 25. 
[0003] 

The display panel 21 includes two glass plates which 
are not shown in the drawing, the address electrodes 26, the 
25 scan electrodes 27, the sustain electrodes 28, and barrier 
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ribs rhat partition a space sandwiched between the two glass 
plates . The sustain electrodes 28 are covered by a dielectrio 
which is not shown in the drawing. Pixels displayed on the 
display panel 21 are formed by discharge cells that correspond 
5 to spaces which are sandwiched by the two glass plates and 
partitioned by the barrier ribs. 
[0004] 

A noble gas such as He-Xe or Ne-xe is enclosed in the 
discharge cells . When a voltage is applied between the 

10 address electrodes 26 and the scan electrodes 27, a discharge 
occurs and ultraviolet light is generated. The barrier ribs 
are coated with phosphors . These phosphors are excited by 
the ultraviolet light to emit light. A color display can 
be produced by coating the discharge cells with phosphors 

15 of different colors of red, green, and blue in turn and 
eelecting discharge eells according to an image signal. 

[0005] 

The electrodes are driven line-sequentially. An 
address pulse is applied to the address electrodes 26 

20 according to an Image signal. Meanwhile, a scan pulse is 
applied sequentially to the scan electrodes 27 beginning with 
the first line. In cells to which the address voltage and 
the scan voltage are simultaneously applied, the voltage 
between the electrodes exceeds a discharge filing voltage, 

25 as a result of which a discharge occurs. This discharge is 
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called an address discharge . In the cells where the discharge 
occurs, electrical charge (hereafter xx wall charge") 
accumulates on the dielectric which covers the electrodes, 
within a fixed period following this, a discharge can be 
5 started again by a voltage lower than the discharge filing 
voltage . 
[0006] 

In the example of FIG. 6, the scan electrodes 27 also 
serve as sustain electrodes/ so that a sustain discharge is 

10 generated by applying a sustain pulse alternately to the scan 
electrodes 27 and the sustain electrodes 28. During this 
time, the direction of discharge between the scan electrodes 
27 and the sustain electrodes 28 changes alternately, such 
a drive method is called a memory drive method. 

15 [0007] 

A gray- scale display method based on a timesharing drive 
method (hereafter * sub- f ieldmethod" ) that utilizes the above 
memory effect is explained below. The sub-field method 
produces a gray-scale display by dividing one field into a 

20 plurality of eub- fields that are weighed depending on 
differences in luminance/ and selaoting arbitrary sub-fields 
for each pixel according to a signal amplitude. The field 
referred to here represents a vertical scan period, and can 
be called a frame / sub- frame. 

25 [0008] 
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A drive sequence 60 shown in PIG. 7 is an example of 
displaying 16 g^ay levels using four sub-fields SFl to SP4 . 
A scan period 61 is a period for selecting cells to be 
illuminated in the first sub-field, ana a sustain period 62 
5 is a period during which the selected cells are illuminated. 
Sustain periods of the sub- fields SFl to SF4 are weighed by 
a luminance ratio 8;4:2;1. By arbitrarily selecting 
sub-fields out of these sub-fields according to a level of 
an image signal, 2 4 - 16 gray levels can be displayed. 
10 [0009] 

This type of apparatus is described, for example, in 
Shingaku Giho EID 92-86 (1993-01, pages 7-11). 
[0010] 

Problem the Present Invention is Attempting to Solve 
15 a contrast adjustment function is essential in display 

apparatuses . There are two contrast adjustment methods that 
can be used in the above timesharing drive method; (1) changing 
an amplitude of an image signal; and (2) adjusting a total 
number of pulses without, changing a luminance ratio of 
20 sub-fields. 
[0011] 

The former method has been used conventionally. When 
this method is used in a digital signal, however, the number 
of displayable gray levels decreases with decreasing 
25 luminance, which inevitably causes a deterioration in image 
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quality . The latter method has no deterioration in gray level 
display due to contrast adjustment, so long as the luminance 
ratio of sub-fields can bemaintained. However, if the number 
of contrast adjustment steps is increased while maintaining 
5 the number of displayable gray levels, it becomes impossible 
to maintain the luminance ratio of sub-fields. Thus, it is 
difficult to ensure a sufficient number of contrast 
adjustment steps. A reason for this is explained below. 
[0012] 

10 a period of a sustain pulse for controlling luminance 

in a plasma display needs to be several microseconds (usee) 
at the minimum, in order to maintain an efficient and stable 
discharge. Also, in consideration of address periods, a 
proportion of sustain periods in one field is generally set 

15 at about 30%. Accordingly, the number of sustain pulses in 
one field cannot be inoreaeed to a fixed number or more, 
suppose a field frequenoy is 60 Hz, the proportion of sustain 
periods per field is 30%, and the sustain pulse period is 
10 ysec. Then a maximum number of sustain pulses per field 

20 is 500. 
[0013] 

on the other hand, if the number of displayable gray 
levels is increased and the number of sub-rieids is set at 
six (64 gray levels) as shown in PIG. 8, a luminance ratio 
25 of sub-fields is 1:2:4:8:16:32. Hence 63 pulses are needed 
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to correctly display 64 gray levels. The number of sustain 
pulses needs to be n times of this figure (n being a positive 
integer ) , in order to perform an accurate contrast ad j ustment . 
However/ since the maximum number of sustain pulses per field 
5 is about 500 as mentioned above/ n is 8 at the maximum, so 
that only about 8 adjustment steps can be ensured. 
[0014] 

I f the maximum number of pulses corresponding to largest 
luminance in the luminance ratio is arbitrarily determined 

10 and the numbers of sustain pulses in each frame are set to 
be closest to the luminance ratio in order to increase the 
number of contrast ad j ustment steps to more than 8 , a luminance 
error at some gray level will end up being equivalent to 
luminance of one pulse at the maximum. For instance, if the 

16 number of contrast adjustment steps is increased to 29 as 
shown in PIG . 9, some of the numbers of pulses will end up 
being decimals in contrast adjustment steps such as the second, 
third, and fourth steps. However, the number of pulses can 
only be an integer. Accordingly, these decimals are replaced 

20 with integer©/ ae a result of which a luminance error 
equivalent to luminance of one pulse at the maximum ensued , 
This is undesirable in terms of performance when compared 
with CRT displays that are the most widely used display today . 
(0015] 

25 The present invention aims to provide a plasma display 
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apparatus that can produce a high-precision gray eoala 
display with a sufficient number of contrast adjustment steps 
while maintaining the number of displayable gray levels, by ' 
solving the aforementioned problem of the prior art . In other 
5 words, the present invention aims to provide a plasma display 
apparatus that can reduce a luminance error at each gray level 
even when a sufficient number of contrast adjustment steps 
is ensured. 
[0016] 

10 Means for Solving the Stated Problem 

To achieve the stated aim, the present invention is 
a plasma display apparatus in which one field is divided into 
a plurality of sub-fields each of which is given a luminance 
weight controlled by a number of sustain pulses, and a 

15 gray- scale display is produced by arbitrarily selecting 
sub-fields according to a digital image signal which is 
composed of a plurality of bite corresponding to an image 
signal level, characterized by setting different numbers of 
sustain pulses for sub-fields which do not oorrdapond to a 

20 luminance ratio of the gray-scale display across a plurality 
of sub-fields. 
[0017] 

Description of the preferred E mbodiment (s) 

The present invention is described in detail below, 
26 with reference to drawings . First , a principle of the present 
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invention is explained by referring to figs. 1 and 2. fig. 
1 shows a drive sequence of a plasma display apparatus 
according to one embodiment of the present invention, whilst 
FIG. 2 shows the principle of the present invention. Note 
5 here that though FIG. 2 uses an example of four sub-fields 
for simplicity's sake, the present invention is not limited 
to this . 
[0018] 

A drive sequence 100 shown in FIG. 1 relates to the 
10 case of four sub- fields and 16 gray levels. A luminance ratio 
of a first sub- field (first SF) to a fourth sub- field (fourth 
SF) is basically 1:2:4:8. The first to fourth sub-fields 
respectively have scan periods 111 to 114 and sustain periods 
101 to 104. The first to fourth sub- fields respectively 
15 correspond to the least to most significant bits of a 4-bit 
digital image signal. in each sub-field, pixels selected 
in an address period is illuminated in a sustain period. 
[0019] 

The principle of the present invention is the following . 

20 In a contrast adjustment level at which the number of sustain 
pulses of some sub-field in one field is a decimal in fig. 
2(a), the numbers of sustain pulses of this sub-field in a 
plurality of fields (e.g. a first field 100 and a second field 
200) are set to be different as shown in FIG. 2(b). 

25 [0020] 
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FIG. 2(b) shows a relationship between the oontraat 
adjustment levels and the numbers of sustain pulses of the 
sub-fields. When the contrast level is 1/ the number of 
sustain pulses of the fourth sub-field is 8. suppose the 
5 ratio of the numbers of sustain pulses of the sub-fields is 
1:2:4:8. Then the numbers of pulses of the first to fourth 
sub- fields are respectively 1, 2, 4, and 8. Thus, when the 
contrast level is 1, none of the numbers of sustain pulses 
of the sub-fields is a decimal. Accordingly, the numbers 
10 of sustain pulses of the sub-fields are the same in the first 
field and the second field. 
[0021] 

When the contrast adjustment level is 2, the number 
of sustain pulses of the fourth sub-field is 12. suppose 

15 the ratio of the numbers of sustain pulses of the sub-fields 
is 1 : 2 ; 4 $ 8 • Then the* numbers of pulses of the first to fourth 
sub-fields are respectively 1,5, 3, 6, and 12. Here, the 
number of sustain pulses of the first sub- field is a decimal, 
in actuality, it is impossible to realize 0.5 pulse. 

20 [0022] 

Accordingly, the present invention sets the number of 
sustain pulses of the first sub-field in the first field at 
1, and the number of sustain pulses of the first sub- field 
in the second field at 2, To human eye, illumination in such 
25 a plurality of fields appears to be integrated. Therefore, 
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when a gray level- display using the number of sustain pulses 
in the first field and a gray level display using the number 
of sustain pulses in the second field are performed in turn, 
luminance of about 1.5 pulses per sub-field can be achieved 
6 for the first sub-field. 
[0023] 

When the contrast adjustment level is 3, none of the 
numbers of sustain pulses of the sub- fields is a decimal, 
so that the numbers of sustain pulses of the sub- fields are 
10 the same in the first field and the second field. 
[0024] 

When the contrast adjustment level is 4, the number 
of sustain pulses of the fourth sub-field is 20. Suppose 
the ratio of the numbers of sustain pulses of the sub- fields 
16 is li 2:4! 8. Then the numbers of pulses of the first to fourth 
sub-fielde are respectively 2.5, 5/ 10, and 20. Here, the 
number of sustain pulses of the first sub-field is a decimal. 
[0025] 

Accordingly, the present invention sets the number of 
20 sustain pulses of the first sub-field in the first field at 
2, and the number of sustain pulses of the first sub- field 
in the second field at 3 . To human eye, illumination in such 
a plurality of fields appears to be integrated. Therefore, 
when a gray level display using the number of sustain pulses 
25 of the first field and a gray level display using the number 
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of sustain pulses of the second field axe performed in turn, 
luminance of about 2.5 pulses per sub-field can be achieved 
for the first sub-field. 
[0026] 

6 According to the above principle of the present 

invention/ an error in gray level display when arbitrary 
contrast levels are set can be reduced from luminance of about 
1 pulse at the maximum as in the prior art to luminance of 
about 0 . 5 pulse at the maximum . Which is to say, the accuracy 

XO of luminance at each gray level when contrast adjustment is 
performed can be greatly improved. This enables to provide 
a sufficient number of contrast adjustment steps, with it 
being possible to provide a plasma display apparatus having 
excellent usability. 

16 [0027] 

The above explanation of the principle of the present 
invention uses an exampl* of four sub -fields having a 
luminance ratio of 1:2:4:8, but the number of sub- fields, 
the correspondence with the bita of a digital image signal, 

20 luminance weights of the sub- fields and their order, and the 
like can be set arbitrarily. For example, though thie 
embodiment describes the case where the sub- fields are 
arranged in an order of increasing luminance weight, the 
sub- fields may instead be arranged in an order of decreasing 

25 luminance weight, as in the example shown in PIG. 7. 
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[0028] 

Also, the setting of the numbers of sustain pulses can 
be performed not in units of two fields but in other units. 
As one example, if the numbers of sustain pulses are set in 

5 units of three fields, an error in gray level can be reduced 
to luminance of about 0.33 pulse at the maximum. Also, if 
the numbers of sustain pulses are set in units of four fields, 
an error in gray level can be reduced to luminance of about 
0.2 5 pulse at the maximum. 

10 [0029] 

PIG. 3 is a block diagram showing a drive circuit of 
a plasma display apparatus that realizes the principle of 
the present invention. PIG. 4 is a timing diagram of signals 
of main parts of the drive circuit. This drive circuit 

15 includes an image signal processing circuit 301, a 
microcomputer 30 2, a ROM 303 storing a table in which the 
numbers of sustain pulses of the sub- fields are set for each 
contrast level (e.g. the table shown in PIG. 2(b)), a control 
signal generation circuit 3 04, an address pulse output 

20 circuit 305, a scan pulse output circuit 306, and a sustain 
pulse output circuit 307. 
[0030] 

An image signal v is rearranged as data in units of 
sub-fields, e.g. 4-bit data, by the image signal processing 
25 circuit 301 having a field memory (or a frame memory), and 
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output to the address pulse output circuit 305 as data v'. 
The control signal generation circuit 304 generates a scan 
period signal b based on a synchronous signal a output from 
the image signal processing circuit 301, as Shown in FIG. 
5 4 . The control signal generation circuit 304 also reads data 
of the numbers of sustain pulses rrom the ROM 3 03 , and generates 
a control signal c for the sustain pulse output circuit 307 . 
The scan period signal b is output to the image signal 
processing circuit 301. Note here that the control signal 
10 c is shown schematically in FIG. 3, The control signal 
generation circuit 304 also generates control signals d and 
e for respectively permitting outputs of the address pulse 
output circuit 305 and the scan pulse output circuit 306. 
[0031] 

15 The control signal generation circuit 304 accesses the 

ROM 303 using, for example, a contrast adjustment level and 
first and second fields as an address f, and reads data g 
corresponding to the address f from the ROM 303. Control 
signals h and j are input/output respectively between the 
20 microcomputer 302 and the control signal generation circuit 
304 and betwodn the microcomputer 304 and the image signal 
processing circuit 301. 
[0032] 

Regarding the setting of the numbers of sustain pulses, 
25 a method of storing a table (e.g. the table shown in FIG , 
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2(b)) which shows the numbers of sustain pulses of the 
sub-fields for each contrast level in a storage device such 
as the ROM 303 can be employed, as described above, in this 
case, the microcomputer 302 may change the read address f 
5 of the ROM 303 via the control signal generation circuit 304 
according to an input signal 1 of a contrast level designated 
by a user or the like, and write the data ? or c relating 
to the numbers of pulses to the sustain pulse output circuit 
307 . As an alternative, the microcomputer 302 may calculate 
10 the numbers of sustain pulses according to the contrast level 
and directly transfer data relating to the numbers of pulses 
to the sustain pulse output circuit 307, with there being 
no need to provide storage means such as the ROM 303. 
[0033] 

15 when the luminance is high, flickering tends to occur. 

In view of this, the number of fields to be adjusted may be 
changed depending on whether the luminance is high or low. 
As one example, having detected an average signal level, an 
adjustment may be made in units of two fields if the level 

20 is high, i.e. an entire screen is bright, and in units of 
four fields if the level is relatively low. In more detail, 
the image signal processing circuit 301 may output 
information about the level of the image signal v to the 
microcomputer 302 via the control signal j, to reflect the 

25 information on the numbers of sustain pulses . 
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[0034] 

Furthermore/ it is effective to monitor the power of 
the sustain pulse output circuit 307 and reflect it on panel 
luminance/ in order to save power and suppress a temperature 
5 rise of the panel. This can be done, for example, by 
outputting a power detection signal k of the sustain pulse 
output circuit 307 to the microcomputer 302 and reducing the 
numbers of sustain pulses by one contrast level if the power 
detection signal k is large. 
10 [0035] 

FIG. 5 is a circuit diagram showing one specific example 
of the sustain pulse output circuit 307. The sustain pulse 
output circuit 307 includes an output circuit 307a, a power 
source 307b, a resistor 307c, and a level converter 307d. 

15 When the power consumption of the output circuit 307a 
increases, a current supplied from the power source 307b 
increases, which increases a voltage drop of the register 
307c. The level converter 307d converts this voltage drop 
in level in accordance with input specifications ; and outputs 

20 the resulting signal as the power detection signal k. 
[0036] 

Effects of the Invention 

As ia olear from the above description, the present 
invention can greatly improve the accuracy of the contrast 
25 adjustment by adjusting the numbers of sustain pulses . This 
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makes it possible to provide a sufficient number of adjustment 
steps. Henoe a plasma display apparatus having excellent 
usability can be realized, 
[0037] 

6 Also, the present invention can deliver excellent gray 

level properties and smooth contrast adjustment with fine 
adjustment steps. Hence a plasma display that can produce 
high-quality images which appear natural to human eye can 
be realized, 
10 [0038] 

Furthermore, the present invention not only makes it 
possible to maintain the number of gray levels even at low 
luminance, but also greatly improves reliability of a display 
system by increasing noise immunity and reducing a circuit 
16 siae, when compared with conventional signal level adjustment 
techniques and especially analog signal level adjustment 
techniques • 

Simplified Description of the Drawings 
20 FIG , 1 shows a drive sequence of a plasma display 

according to one embodiment of the present invention. 

FIG . 2 shows a relationship between contrast ad j us traent 

levels and sustain pulses of sub-fields, according to the 

embodiment o£ the present invention , 
25 FIG, 3 is a block diagram of a drive circuit of the 



19 



FROH-SNELL 8 WILHER LLP. 1 



T-220 P. 32/47 F-673 



plasma display apparatus according to the embodiment of the 
present invention , 

FIG. 4 is a timing chart of signals in main parts of 
the circuit shown in FIG. 3. 
5 FIG, 5 is a block diagram of a specific example of a 

sustain pulse output circuit shown in FIG. 3. 

FIG. 6 shows a construction of a conventional 
three-electrode AC plasma display apparatus. 

FIG . 7 shows a drive sequence according to a conventional 
10 timesharing drive method. 

FIG . 8 shows a relationship between contrast adjustment 
levels and sustain pulses of sub-fields, according to a 
conventional technique. 

FIG ♦ 9 shows a relationship between contrast adjustment 
15 levels and sustain pulses of sub-fields when the number of 
contrast adjustment levels is increased, 
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Abstract of JP110S2913 
PROBLEM TO BE SOLVED; To provide a 
plasma display device superior in gradation 
characteristic over the range from low 
luminance to high luminance and fine in the 
adjustment step of contrast. SOLUTION: 
When a time division driving method is 
selected, a contrast adjustment is conducted 
by the number of sustaining pulses, the 
number of sustaining pulses in the subfield 
(SF) corresponding to the same bit of digital 
video signals is set to the different value. For 
example, the sustaining pulse number of a first 
SF of a contract adjustment level 2 is set to 1 .5 
and the sustaining pulse numbers of a first SF 
of first and second fields 100 and 200 are set 
to/and 2. Moreover, the gradation display of 
the fields 100 and 200 are alternatively 
conducted for every field. 
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